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Abstract 
Unique amino acid substitutions occur in D. lebawnensis ADH. They are found within the putative NAD+-binding domain and affect residues 
that are otherwise highly conserved in all other species of the genus. To restore the consensus amino acids, we have constructed an expression system 
for this enzyme in E. cott, and engineered two mutants, W G l y  and Asn^Thr. The biochemical and kinetic features of these rerromutsmts are 
consistent with increased catalytic efficiency and thermal stability. Thus, results show that wild-type D. lebanonensis ADH can be improved by 
sitedirected mutagenesis. 
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1. Introduction 
Alcohols are oxidized in Drosophila by a member of 
the short-chain dehydrogenase family, in contrast to 
most eukaryotes, which have developed a medium-chain 
enzyme [I]. Drosophila alcohol dehydrogenase (ADH) is 
a non-metalloenzyme, active as a dimer of two subunits 
of 253-255 amino acids, which shares no homology with 
the Zn-containing medium-chain proteins [2]. The three- 
dimensional structure of the medium-chain horse liver 
ADH [3] allowed the identification of functional residues 
involved in coenzyme and substrate binding, hydride 
transfer, metal coordination and monomer surface inter- 
action. However, no tertiary structure is yet known for 
Drosophila ADH and therefore the structure/function 
relationships must be approached through different 
strategies. Putative critical residues for enzyme architec- 
ture and catalytic properties, highlighted as conserved 
positions among all short-chain dehydrogenases and all 
known Drosophila ADHs [2,4,5], have been analyzed by 
either chemical modification [6] or site-directed mu- 
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Numbering of D. lebanonensis ADH positions is (-1) in relation to D. 
melanogaster, due to differences in the amino acid number at the N 
terminus. 
tagenesis [7-111. Fragment 9-39 of the Drosophila pol- 
ypeptide is the only segment alignable with the medium- 
chain ADHs [2], in which the homologous fragment (194- 
224) forms the Bl-a2-$2 motif of the Rossmann Fold, 
found in all NAD'WAD* binding enzymes [121. The 
catalytic behaviour of mutants in positions GlyI4, Gly16, 
Gly19 and Asp3' of the D. melanogaster enzyme is in 
agreement with the predicted involvement of this region 
in the binding of the cofactor and its preference for 
NAD+ versus NADP' [7]. Sequence alignments have 
also allowed the prediction of two key residues for sub- 
strate interaction, Tyr15' and LyslS6 [2], whose substitu- 
tion in D. melanogaster ADH yields inactive or poorly 
active enzymes [9-111. 
Until now, all site-directed mutants have been engi- 
neered with D. melanogaster ADH, by far the best 
known species of the genus at all levels [13]. Neverthe- 
less, valuable information could be obtained from other 
species whose ADH has been characterized [5]. The fact 
that 110 out of 255 positions of the subunit polypeptide 
are not conserved in Drosophila species provides an ex- 
cellent source of evolutionary tested enzyme variants 
and, among these, fi lebanonensis appears to be an ex- 
cellent candidate for function/structure analysis. Specific 
activity of D. lebanonensis ADH is lower than that of 
other Drosophila ADHs, but, paradoxically these flies 
exploit alcohol-rich environments, and eventually out- 
grow D. melanogaster in number, probably because they 
0014-5793/94/$7.00 0 1994 Federation of European Biochemical Societies. All rights reserved. 
S S D I  0014-5793(94)00170-Z 
R. Albalat et al. IFEBS Letters 341 (1994) 171-1; 
accumulate larger amounts of the enzyme [14]. The 
amino acid sequence of D. lebanonensis ADH has been 
determined [15], the biochemical features of the enzyme 
have been described [16] and the ADH-coding gene has 
been isolated and analyzed [17,18]. Four unique amino 
acid substitutions with respect to all other Drosophila 
ADHs: Ala13, Phe", Leu4' and His6' make this enzyme 
particularly interesting. These changes, as well as others 
present in only one additional species of all known 
Drosophila ADHs (Thr43, AsnS6 and Thr6'), are in the 
putative NAD+-binding pocket and may therefore be 
considered responsible for the different catalytic proper- 
ties of the enzyme. 
The purpose of the present study is to analyze Ala13 
and AsnS6 in D. lebanonensis ADH. In order to establish 
a heterologous expression system, an intronless Adh gene 
of D. lebanonensis was constructed using reverse-PCR, 
and subsequently cloned in E. coli, Site-directed mu- 
tagenesis was then performed on this construct to change 
Ala13 to Gly and AsnS6 to Thr, to reconstruct evolution- 
ary events and restore the consensus ADH residues. Re- 
combinant wild-type ADH and Ala13Gly and Asn56!^ 
mutant enzymes were purified by PPLC from crude bac- 
teria homogenates and the catalytic effects of each sub- 
stitution were evaluated. 
2. Materials and methods 
2.1. Materials, organisms and plosmids 
Restriction enzymes werer obtained from Boehringer-Mannheirn. 
Taq DNA polymerase was from Promega. PCR primers were synthe- 
sized by Oligos Etc. Inc. Hybond-C nitrocellulose filters, [a-35S]dA"P 
and Ligation Kit were purchased from Amersham. Other chemicals and 
reagents were from Sigma and Merck, and culture media reagents were 
from Difco. PIasmid pBluescript was from Stratagene. E. cdi JM105 
and plasmid pKK223-3, used to express the Adh gene, were from Phar- 
macia-LKB Biotechnology. D. lebamnensis flies were from a natural 
population caught in Gandesa, Tarragons (Spain) and maintained in 
our laboratory under standard conditions for several years. 
2.2. RNA preparation and reverse-PCR 
Total RNA of D. lebanonensis was purified from larvae according t 
Jowett [19]. cDNA was synthesized using 200 units of MoMuLV ri 
verse transcriptase (BRL), in a final reaction volume of 20 fil, contair 
ing 1-2 fig of total RNA, 100 pmols of the oligonucleotide SH5 a 
downstream primer (Table l), 1 mM of dNTPs, 25 units of W a s  
inhibitor (Boehringer) and 3 mM MgC12. Sampies were then incubate 
for 10 min at 23OC. 45 min at 42-C and 5 min at 94OC to ensure initic 
hybrid denaturation. For the PCR reaction, 100 pmol of the upstrean 
primer SH1 (Table l), 2.5 units of Taq DNA polymerase and 8 pl o 
10 x PCR buffer were added to a final volume of 100 u\. A 30-cycl, 
amplification was carried out at 94OU30 s, WU60 s and 72OU60 s 
Finally, samples were kept at 72T for 10 rnin before fragment purifi 
cation. 
2.3. Cloning and expression of D. lebanonensis Adh in E. coH 
The PCR product was initially subcloned in the plasmid pBhieccrip 
for restriction analysis and sqwmchg. In or& to pod- the-. 
binant enzyme, the A& coding region of D. lebanoned#ac doncd it 
pKK223-3 and the recombinant plasmid was used 
JM105 (Fig. 1). Overnight cultures in 50 ml of 
diluted to 500 rnl of fresh LB-ampicillin and grown 
then added to a final concentration of 1 m M  and cultures were b- 
bated at 30Â° for 3 h. Cells were harvested, washed twice in 20 mM 
Tris-HCl pH 8.6, resuspended in 2 ml of the same buffer, sonicated 
three times for 15 s at 30 W and centrifuged in a microfuge for 15 min. 
Manipulations were performed at 4% Crude supernatant was used for 
activity assays, SDS-PAGE, immunoblotting and further purification. 
2.4. Site-directed mutagenesis by PCR 
Mutagenic PCR amplifications were successfully carried out by the 
method described in P], with primers SH1 and SH2 (first PCR) and 
SH5 (second PCR) to obtain the ~1a"Gly mutant, and primers SH1 
and SH3 (first PCR) and SH5 (second PCR) for the Asn% mutant 
(Table 1). Thus, in both cases, the final PCR product was the mutated 
coding region flanked by Â£coR and Hindm 
presence of the desired mutation and the absence 
was always verified by ' g the PC& fnfmcnts with 
[U-~*SI~ATP, using the -Tuencing Kit- Positiveciaam were 
used to subclone the EcoRI-HDidm segment in the expression vector 
pKK223-3. 
2.5. Purification of recombiwp ADH 
The following purification protocol was followed to obtain pure 
recombinant D. lebanonensis ADH. E. coli total protein extract %I 20 
mM Tris-HCl pH 8.6, supplemented with lo4 M DTT, was ki&&d 
in a Blue-Sepharose Hi-T-5 column adapted to an FPIC System 
(Phannacia). After washing with the same buffer, ADH was 
1 M NaCl. Fractions containing ADH activity were pooled and c&wa~- 
Table 1 
Primers for the reverse transcriptase and PCR reactions 
Oligo Mutation Sequence Length 1st PCR Mutation codon 
SH1 - CCGAATTCATGGATTTGACCAACAAG~ - - 
(upstream) 
~l~~~ -+ e ly  A ~ C G C ~ ~ A G A ~ C G G ~ A A C G A ~  
(downstream) 
AsnS -Ã Thr GGAAGGTGATGGTCACCTTG" 
(downstream) 
54 nt GCT -Ã GGT 
:182 nt AAC + ACC 
SH5 - GGAAGCTTGCTTAGATGTGCGAGCT" - - 
(downstream) 
"Â¥Star and Stop codons are shown in bold. Sequences used to generate flanking restriction sites EcoRI in SH1 and HindIII in SH5, are underlined 
"Â¥'Mutate nucleotides are in bold. 
